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Abstract 
We have succeeded in synthesizing hole-doped bulk superconductors of La1.8-xEu0.2CaxCuO4 (x = 0.05 and 0.10) with the 
Nd2CuO4-type structure by means of the structural transformation at low temperatures from the K2NiF4-type structure via the 
Nd4Cu2O7-type structure.  Superconductivity has appeared through the removal of excess oxygen by the reduction annealing in 
vacuum.  Values of the superconducting transition temperature, Tc, are 13 and 6 K for x = 0.05 and 0.10, respectively.  These 
values are smaller than those of T'-La1.8-xEu0.2SrxCuO4.  
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1. Introduction 
Since the electron-doped superconductor Nd2-xCexCuO4 was discovered by Tokura et al. in 1989 [1], it has 
commonly been believed for a long time that cuprates with the Nd2CuO4-type structure (the so-called T'-type 
structure as shown in Fig. 1(c)) show superconductivity only by electron-doping.  It is known that the appearance of 
superconductivity in T’-cuprates requires to eliminate interstitial oxygen atoms at the apical site that suppress 
superconductivity.        
Surprisingly, in 2005, Tsukada et al. reported successful synthesis of thin films of superconducting T'-La2-
xRExCuO4 (RE = Sm, Eu, Tb, Lu, Y) without electron-doping only by the reduction annealing [2].  Furthermore,  
 
 
* Corresponding author. Tel.: +81-22-795-7971; fax: +81-22-795-7971. 
E-mail address: t.takamatsu@crystal.apph.tohoku.ac.jp 
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the ISS 2013 Program Committee
 Tomohisa Takamatsu et al. /  Physics Procedia  58 ( 2014 )  46 – 49 47
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Crystal structures of (a) RE2CuO4 (RE = rare-earth elements) with the K2NiF4-type structure (T-type structure), (b) RE2CuO3.5 with the 
Nd4Cu2O7-type structure (N-type structure), and (c) RE2CuO4 with the Nd2CuO4-type structure (T'-type structure). 
 
Matsumoto et al. have reported that properly reduced thin films of Nd2-xCexCuO4 show superconductivity even at x = 
0 [3].  These results indicate that electron-doping is not necessary for the appearance of superconductivity in T'-
cuprates.  Therefore, superconductivity has been expected to appear by hole-doping in T'-cuprates.   
Very recently, we have reported on the successful synthesis of the first hole-doped superconductor T'-
La1.75Eu0.2Sr0.05CuO4 by means of the structural transformation at low temperatures by the solid-state reaction using 
CaH2 as reductant [4].  It has been found that Tc decreases by hole-doping through partial substitution of Sr for La in 
T'-La1.8Eu0.2CuO4.  In this paper, we report on our newly discovered superconductivity in T'-La1.8-xEu0.2CaxCuO4 and 
compare the results with those in T'-La1.8-xEu0.2SrxCuO4. 
2. Experimental 
Polycrystalline bulk samples of superconducting T'-La1.8-xEu0.2CaxCuO4 (x = 0.05 and 0.10) were synthesized via 
the process consisting four steps as described in our earlier report [4,5].  First of all, polycrystalline bulk samples of 
La1.8-xEu0.2CaxCuO4 with the K2NiF4-type structure (the so-called T-type structure as shown in Fig. 1(a)) were 
prepared from stoichiometric amounts of La2O3, Eu2O3, CaCO3 and CuO powders by conventional solid-state 
reaction at an elevated temperature of ~1000°C.  Secondly, the solid-state reaction using CaH2 as reductant was used 
in order to obtain La1.8-xEu0.2CaxCuO3.5 with the Nd4Cu2O7-type structure (the so-called N-type structure as shown in 
Fig. 1(b)) [6,7].  The samples of T-La1.8-xEu0.2CaxCuO4 were mixed with CaH2 in the molar ratio of 1:2, ground 
finely, and then pressed into pellets in an Ar-filled glove box.  Then, the pellets were sealed in an evacuated Pyrex 
tube and then heated at 225°C for 24 h.  Powdered samples of N-La1.8-xEu0.2CaxCuO3.5 were obtained by washing the 
product with saturated NH4Cl in anhydrous ethanol for the removal of residual CaH2 and the reaction-byproduct 
CaO, and then drying in an evacuated oven at room temperature.  Thirdly, powdered samples of T'-La1.8-
xEu0.2CaxCuO4 were obtained by heating N-La1.8-xEu0.2CaxCuO3.5 at 400°C for 12 h.  Finally, by the reduction 
annealing in vacuum at a pressure of ~ 110-6 Torr at 600°C for 24 h for the removal of excess oxygen, reduced 
powdered samples of T’-La1.8-xEu0.2CaxCuO4 were obtained.  All the products were characterized by powder x-ray 
diffraction (XRD) analysis using Cu KD radiation at room temperature.  Magnetic susceptibility measurements were 
carried out using a SQUID magnetometer in a magnetic field of 10 Oe for the detection of superconductivity. 
3. Results and discussion 
Fig. 2 shows XRD patterns of the products obtained by the reduction annealing of T'-La1.8-xEu0.2CaxCuO4 (x = 
0.05 and 0.10) in vacuum.  It is found that the products keep the T’-type structure.  However, in the case of x = 0.10, 
there exists a small amount of La2O3, which is suggested to be generated as a result of the decomposition in the 
surface of crystalline grains. 
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Fig. 3 shows the lattice parameters a and c of samples of T'-La1.8-xEu0.2CaxCuO4 (x = 0.05 and 0.10) after the 
reduction annealing.  The a-axis length slightly decreases, indicating that holes are doped into the CuO2 plane of T'-
La1.8-xEu0.2CaxCuO4.  The c-axis length also decreases more obviously with increasing x, indicating that  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Powder XRD patterns using Cu KD radiation for reduced samples of T'-La1.8-xEu0.2CaxCuO4 with (a) x = 0.05 and (b) x = 0.10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Variations of the lattice parameters a and c with the doped-hole content x for reduced samples of T'-La1.8-xEu0.2CaxCuO4 with x =0, 0.05 
and 0.10. 
 
smaller Ca2+ ions are substituted for larger La3+ ones.   
Fig. 4 shows the temperature dependence of the magnetic susceptibility measured in a magnetic field of 10 Oe on 
warming after zero-field cooling for reduced samples of T'-La1.8-xEu0.2CaxCuO4 (x = 0.05 and 0.10).  The data of T'-
La1.8-xEu0.2SrxCuO4 (x = 0, 0.05 and 0.10) are also shown for comparison.  A single-step diamagnetic signal due to 
the shielding effect is observed for all samples, indicating the appearance of superconductivity.  As shown in Table 
1, the Tc's are 13 and 6 K for x(Ca) = 0.05 and 0.10, respectively.  The superconducting volume fractions estimated 
at 2 K are less than 1%.  These small values of the superconducting volume fraction may be due to the two reasons: 
one is excessive reduction at surface of the samples leading to decomposition and the other is insufficient reduction 
inside of the samples leaving excess apical oxygen atoms remaining.  In addition, the relatively small values of the 
superconducting volume fraction may also be due to oxygen defects in the conducting CuO2 plane occurring along 
with the removal of excess oxygen at the apical site through the reduction, as reported for undoped superconducting 
thin films of T'-RE2CuO4 [8].  This is because the substitution of smaller Ca2+ for larger La3+ shrinks the unit cell of 
T'-La1.8-xEu0.2CaxCuO4, making more difficult the removal of excess oxygen atoms and also making easier the 
introduction of oxygen deficiencies in the CuO2 plane.  Therefore, the observed small values of the superconducting 
volume fraction are regarded as being less than the intrinsic values.  
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Fig. 4. Temperature dependence of the magnetic susceptibility, F, of reduced samples of T'-La1.8-xEu0.2MxCuO4 (M = Ca and Sr) with x = 0, 0.05 
and 0.10.  The inset is an enlarged plot of T'-La1.70Eu0.2M0.10CuO4 (M = Ca and Sr). 
 
Table 1. Values of Tc in T'-La1.8-xEu0.2MxCuO4 (M = Ca, Sr ; x = 0, 0.05, 0.10). 
 
 
 
 
 
4. Summary 
We have succeeded in synthesizing polycrystalline bulk samples of hole-doped superconducting T'-La1.8-
xEu0.2CaxCuO4 (x = 0.05 and 0.10).  The Tc's are 13 and 6 K for x = 0.05 and 0.10, respectively.  It has been found 
that T'-RE2CuO4 shows superconductivity regardless of the nominal carrier type, namely, even by hole-doping. The 
Tc tends to decrease with increasing hole-concentration.  The values of Tc in superconducting T'-La1.8-xEu0.2CaxCuO4 
are smaller than those in T'-La1.8-xEu0.2SrxCuO4.  This may be due to the existence of residual oxygen atoms at the 
apical site and/or oxygen defects in the CuO2 plane in T'-La1.8-xEu0.2CaxCuO4, because the contraction of the lattice 
due to the substitution of Ca for La leads to difficulty in removing excess oxygen.  If it is possible to perfectly 
remove excess oxygen without oxygen defects, Tc is expected to rise. 
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